




























































































North-Central Minnesota 

-- --

1. Geologic mapping in ,contiguous. parts of Koochiching, Itasca, and Beltrami counties 
("Koochibel" area), 1988,;.89 biennfom. -A1apping revealed hitherto unrecognized fault zones 
and volcanic rock units in greenstone.'..beltterrane west of the Vermilion district. The mapping 
prompted serious exploration for gold and base metals by several companies. 

Geological Survey maps-M-67 (1990) and M-68 (1990). 

2. Cook-Side Lake area, St. Louis and Itasca counties, 1990-91 biennium. Mapping extended 
coverage from the western limit of older mapping in the Vermilion district to the eastern 
boundaryoftheKoochibelmapareadescribedabove.Inthisprojectalsothemappingrevealed 
previously unknown structures and rock assemblages of consequence to mineral exploration, 
and attracted exploration interest. 

Publications: Minnesota Geological Survey maps M-775 (1991) and M-79 (1993). 

Northeastern Minnesota 

1. Central Duluth Complex, Lake and St. Louis counties, 1990-91 biennium. Mapping covered 
a block of ten 7.5minute quadrangles roughly-_between Isabella on the n-ortheast and Toimi 
on the southwest. The work clarified a very intrusivel.tlstoiy in the unexposed interior 
of the DuluthComplex and provided (l rationale for oxide-rich segregations -in 
igneous units_t!iat are-:Botential 

- -='"---, -- =-o- -

Publi cation:-·Minnesota Geologicat Survey· Open-File Report 91-4. 

2. Duluth Complex, Duluth area, St. Louis County, 1992-93 biennium. Mapping c()yereg 
several quadrangles in and near metropolitan Duluth. The rationale, from the mineral-Clep'osits 
viewpoint, was that much.could about mineralizing.controls by careful work in 
this accessible area. The imofl!i_ation\v§uld t:[ansfer to poorly exposed areas elsewhere ill the 
southern part of the . - - - -.. 

----=-----·_=0:=---=--- ----="-· 

Current in the probable 
mineralization has focusedattention, cil!_pertdothic and highly evolvedoxide-sitF 
cate,,residues. Both·. of thesetQCkfypes occur near the city where relatively. good 
exposures permit their detailed-scientipc,sfudy: -

3. Duluth petrology project, St Louis County, 1994-95 biennium. This project is an outgrowth 
and continuation of mapping initiated in the previousbienniuni. It became evident that more 
effort was needed to sort out the complex relationships among mineral phases in several rock 
units near Duluth if the controls on igneous differentiation (and the distribution of 
platinum-group elements) were to be understood. A program to extend field mapping near 
Duluth, conduct laboratoty work on rock and mineral samples, and compile all data as GIS 
coverage is now underway. Final map compilations will cover work from the 1992-93 and 
1994-95 biennia. 
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Northwestern Minnesota 

1. Bedrock geologic map of northwestern Minnesota, Kittson, Roseau, Marshall, Penningto~ 
Red Lake, Polk, Norman, Mahnomen, Clay, and Becker counties, 1992-93 biennium. 
Mapping revealed previously unknown relationships am orig rock units and regional structures 
in the extensions of three major tectonic subdivisions of the Superior-Province of the Canadian 
Shield. Three poorly known greenstone belts are now known irfsufficient detail to attract 
exploration interest. The Vermilion fault is now known to be a fault zone composed of several 
strands, and to have experienced a complicated movemeiithistory.CThe terrane north of the 
Vermilion fault is predominantly gneiss and plutonic rocks, not volcanic rocks as formerly 
th. 

- -_gh --- --
OU t. 

-

Publication: Minnesota Geological Surv7Y niap M-80 (1994). 

East-Central Minnesota 

1. Geologic map of an area south ofLak:e Mille Lacs, west of the mid continent rift in several 
counties, 1994-95 biennium. The principal object are of this project is to produce a bedrock 
geologic map of a trapezoidal area in east-central Minnesota that is the northwestern half of 
a quadrilateral boundec! by latitudes 4507'30"W and 4615'00"W. This study area includes 
some of the least unders~ood f>recambrian geology in Minnesota. Much_ of the bedrock has 
been interpreted as Penokean __ ~gfanitoid intrusions, but signatures in the _gravity and 
aeromagnetic data implithepresence of diverse rock types andstructt.lres. __ The area is of 
particular economic significtril~-_])ecause it may include r()Ckegtiivalenfto ·the~enokean 
metavolcanic rocks of the:=~Wisoonsin magmatic terrane that host significant deposits of 
base-metal sulfides. A reliabJe$~ologic map is necessaiy for_~stematic mineral exploration 
in east-central Minnesota~ -~- - - - ,;:·c- ~ c c - -- .;;=~---

Quaternary~·~ppin£:~~, 

"Koocp!b.el")1rea,norlh~h~ntnil Minnego~),~~~_-93J:>1~~£i11fuc~?\.g~fogic map that shows the 
distribution ·of glacially deposited surfic1al matefiais-was~preJ'#eilasan adjunct to the bedrock 
geologic map of the same area (see above). The mapping~iifglacial material was facilitated by 

·the abundantdrillingconducted by ccqWP~es.:,~4 ageJ1ci~- in the area. It provides the strati .. 
graphic framework fodnterpreting the::~encem.id.distributi_()n .of ff indicator minerals" in the 
drift what were picked up by glaciers froJ:Ilclliineral-occurrences-in the underlying bedrock.The 
science of tracing indicator mineralsfo glaciafdeposits bac1c~o theirbedrock source has]>ec~me 
all important element in exploration for gold and diamonds.- · ~ - - --'·· --

Publication: Minnesota Geolo~~a1~-:~~ey_map M-7_6p993). 

• Geochemistry 
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Strategk Minerals. 

GL4CIAL TILL This project is a continuation of an effort to identify the regional occurrence of, 
gold and other metals in glacial till to stimulate further exploration in northern Minnesota and 
to assist the Department of Natural Resources in its land management role. Twenty new bore 
holes in Lake of the Woods County were drilled, sampled, and analyzed. A complete digital 
database of results is now available. 

Analysis of the driUcores show-that the Baudette area contains two distinctive buried landscapes 
that were unknown prior to thisproject. These results also immediately aided the development 
of the U.S. Geological Survey's Roseau bedrock map. In addition, there were many important 
mineral potential findings. Low levels of gold and five pathfinder elements and minerals were 
observed in the Rainy till of the eastern portion of the field area in the vicinity of the Baudette 
fault system. The new observations suggest a secondary kaolin clay deposit may be located in a 
buried valley near Baudette. 

BEDROCK The primary purpo~e of this project was to construct a data base of geochemical 
evaluations of Archean bedrock in fifteen counties. The work brought together all available data 
from several sources, filiea in existing gaps in that data, and made the data available to the 
minerals- induStiy on a countyby county basis. The NRRI constructed a data base of 12,451 
complete or partial analyses of drill core and bedrock outcrop samples, using published materials, 
unpublished materials, and data contained within the abandoned lease files of the DNR Minerals 
Division Hibbing office. The sample locations were also identified on digitized e:ounty maps. 

GOLD Lil iA.iiiP.4.NtJKEAil'.I'reclous metal exploration is primarily_confined~to northeastern 
Minnesota. Howev~r,-precfoiiSand base metal potential also exists in the early Proterozoic rocks 
ofthe MillecLacsliroup~ -the Animikie basin rocks, and perhaps in some of the Cuyuna Range 
rocks. The purpose of this project will be to provide a base from which exploration companies 
can make decisions on= wh~re to begin exploration. 

McSWiggen, ~t- al.--~(19082)-liidi,cate the presence of precious metals in these rocks~ but a 
comprehensivelithogeocheffiicat evaluation has never been.conducted. As was done-for the 
Archean Bedr~k Geoch_emistry project, this project will digitally georeference all known drill 
hole and outcr()l? geoc~e~calsamples. · - -

- -- -- -0- --- - ~--- -~ 

• Mineral Processing=-'~-

Ilmenite. 

Cu, Ni, PGM Flotation. Th~ Duluth Gabbro is a copper-nickel bearing deposit rock set in an 
environmentally sensitive area. At the present time deposits are conside!"ed to be only marginally 
economic. A technology which would allow for the separation of copper-rich and nickel-rich 
products, maximize i>GM recoveries, and minimize the environmental impact of residual sulfides 
and flotation reagents in tailings would significantly improve the economics of developing the 
Duluth Gabbro. Such a technology would also be useful world-wide to solve problems encoun­
tered in the processing of complex (copper, lead, and zinc) sulfide ores. This project determined 
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the nature of the electrochemical interactions that occurred during grinding and integrated and 
correlated these findings with flotation behaviors. It showed that pervious test results may have 
been biased by iron contanimation of the sulfide partcle surfaces. 

:: Data Acquisition And Analysis 

Drill Core Examination and Assay. Because of extensive overburden cover, drill core is the 
premier geologic sample reference regarding Minnesota geology. This project does reconnais­
sance relogging (describing) and sampling of the Hibbing Drill Core Library materials. The 
project purposes are: 1) to serve land use planning within the D.N.R.; 2) to encourage private 
exploration through better data access, and; 3) to serve government agency planning of future 
programs. This project is oriented toward identifying non-ferrous metalli.c mineralization, and 
features permissive of such mineralization. -The new sampling and analysis of this project has 
been done to complement previous work of sample analysis .. Results are made available in a 
digital format to allow for enhanced data handling and interpretation by customers, and GIS 
usage. Work areas include northern and central Minnesota, in several complex geologic terranes. 
Over 8 years, 898 drill holes have been described (783 lo_ggedin digital format) and 2277 samples 
have been analyzeCl. _ 'Favorable rock types,_ arid anomalous base and precious metal assays, 
indicate a high probability ·for~ undiscovered economic mineralization. Mineral._ leasing has 
occurred on these lands, with active]easing still occurring in portions of the Duluth Complex 
and the pn~sentwork area of _cen!fal Minnesota~--~"-~~ ·- -

~·- - - .;---,_- - ~:-- - - --~ - --- ·~::--- __ •• ,_--o:._ -- ~-==- _-c=;, 

- - -=--=--~- - -_ --- ---_-=_:;:_ -----"'- ~- --=---o=---= -- ,o.-

• Environmental Research.--"g'--:~'~''o;~,~-,~-~~o 

RECLAMATIONBESFARCH. Mi~_ waste characterization and mine waste drainage quality predic­
tion-will be among the first ~nv1fonmenta11mpact questions to address when non-ferrous mineral 
developmentbegins in Minriesota. This information will be used toidentify water quality controls 
required to protect the resources-_of the state.

0 

• 

Ten tailings samples from operating North American'' golcf mines arid two titanium tailings 
samples generated in pilotplant tests were characterized (partiple ~ize distribution, chemistry, 
mineralogy, etc.) and subjected to dissolution testingt?~~~!~:nllnJA~~~~quality. 

---='- ~0- =--:-e-~~~~~ 

Static tests indicated that two of the samples were acid ~pioot1cer~-!J.lld!hat tWo others were· 
marginal acid producers. However, acid produced by iron sulfide oxidation was neutralized by 
dissolution of calcium and magnesium carbonate. Additional dissolution of the same samples 
may deplete their neutralization potential, however, and so they could ultimately produce acidic 
drainage. 

Continuing research seeks to answer questions raised in previous studies on long-term dissolution 
characteristics of reacti_~~ taifirigs,-l?y_ determining the differences between reactive and _1:1on-re­
active pyrites.hi additio~,-theproj eCt seeks to "determine the effe<?f oftemperatures and the length 
of dry cycle on-dissolutfon. 

0 

_MethQas of removing ~senic~ -antimony, and molybdenum from 
mine drainage will also be ~urveyed. " ~ · 

• Mineral Managemenf 
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Improved Ownership Records. 

SEVERED-Jyf!NERALS INTERF:STIDENTJFlcATroN This- project was established to determine the 
validity of existing state mineral rights ownership claims and to discover previously unknown 
state claims. _V a1uable information from a variety of sources other than the official county records 
was gathered. 

Information was gathered from the records ofUSX Corporation, the mineral claims of Meridian 
Minerals, and the U.S. Forest Service for the Superior and Chippewa National Forests. Such 
"non-official" infonnation can make valid state ownership claims for any particular parcel more 
or less likely. The state also used the official records to examine key title documents for several 
large minerals rights holders. 

The total acreage researched during FY1990-91totalled126,000 acres. Diversification funding 
provided a 50 percent increase in the number of acres researched. The research results were used 
to prepare the list of minerals rights to be offered at public lease sales. 

- Objective 3: To Enhance Minnesota's Industrial Minerals Industry 

.. ·Aggregate Studies 

SAND AND GBAVEL INVENTORY. Minnesota Statute 84.94,_mandates tha~the DN!l,jn cooperation 
with the MGS, Minnesota Department of Transportation (MNDOTX and the· State Planning 
Agency, identify and classify potential aggreglit~-rescmrcesputside th~_seven7county~metropoli~ 
tan area._ The statute also specifies tliat th~~ro~giye J>iio!]!J~t~ ~oseireas ofth:e ~te-'\Vhere 
urbanization or other factors may resul!~,_~t~~~i=~f~ega~~_!~~0'(.1~~~-tc:>}!~velopm~l!t·c~·~~: -

Mapping of aggregate resources requires data such as high-altitude photographs, -geologic and 
soils maps, published reports, MNDOT test borings and domestic water well_ lqgs,andfield work 
to verify interpretations. cc · 

Final maps are digitized for incorporation into state and counfy~g:ri;~hl6irir o~ti~tf~y~t~;ns. 
~ps and .accompa.Ilying reports Pf2xiAe, ya.JuabJ~iyf onnation,to 9e~e~opi11g ar~utjlat wish to 
prntect aggregat~1e50urces.from~~e_land.it:se-C0iif11ci~J\Cldiliofiany: tlie_maps.jiJ.afbe· i1sed 
for~\VaierJ>lanning <!11d protection ~fi~e~o[~ea,f~~ed ~~~~~inipjtl~dlor-P!~tsI?7~ie~·- -

SAlv7JAATD GRAVELRES!'DBATION. 1\1j~~;~r;~~;~ix!Jic~~~~i;i1;i~~y~l_p~od~di~n. Figures 
for J990 indicate34~8 million_toiiS~of.-aggi:egaie-p[oduciioI].-in the,.siate.worth"$89.4 million. 
Production.wasreportedin 78. <lf ~'!co':lnties~~y~05 fO~panies~-AccordingtQ an informal survey 
conducted by the DNR in 1991, there are abouf1,600 active-pits in the state.' Another2,500 are 
either permanently abandoned or only intermittently active. Most sites are mined without the 
benefit of a reclama}:ion plan, resulti11g in problems that can include erosion, illegal dumping, 
safety concerns, and-unauthorized activities. --·· - -
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Since 1987, the Dl"tR :MNDOT, local government, and the industry have. been working on 
reclamation techniques. Native prairie grasses seem particrilarly well ~suited to c gravel pit 
reclamation. However, the cost and feasibility ofthe methods must be demonstrated in controlled 
tests given the fact that there_~ few examples of successful reclamation in the state. ·-

BUFFALO RIVER STATEPARK:.:;-Gfli'\'elcwas mitied out many years ago in ~hort strips along an 
ancient beach ridge of Glacial Lake Agassiz and used in road and railroad construction. Between 
these_ $trips are areas of undistributed vegetation that is good quality prairie. The Gravel. Pit 
Il~lamation and Prairie RestorationProject i~ -in the process of restoring -twofonnergravel 
-mining areas totalling twenty acres to their original prairie vegetation. The workis confined to 
the ar~ distributed by previous gravel mining. The project area is surrounded by more than 
100 _acres of prairie and will complement ilie prairie vista image of the park entrance. Specifi-
cally, the project will: - · c -~ 

-- -- - - ~ ' - ~ --- - -

* Delineate wetlands and identify sensitive wild flower species to be avoided. 

• Remove old demolitionmateriaL- <;-=~"=-~ ~ -

"' Remove invading trees and shrubs on disturbed pit areas. 
--~ =- =- - - -- - - -

• Smooth and level 50 year old spoil piles leftfrom gravefm1niiig~--- -

* Replant prairie grasses and wild flowers on the newly landscaped area using locally 
harvested seed. 

* c Control invading ~eoos, afi:t~ssary. 

This first ever~-Cotinfylstate~pafinership·-·for reclamation°mtd~prairie Will--be a-:demonstiation 
project. ItWllf'Complernent a recently funded LCNllfprojeCt: to developandirriplementiFplan -
to balance gravel production and native prairie resllifatioi(fo Clay Counrf, scliedtiled1bllegin 

in July -~92~· 

• Minefal "Surveys 

-CARBONATE RESOURCE ASSES&\/ENi"-1\lthougl{~fiS-well.:.known 1liat alEofsoiitheastem-MinD.e­
sota is covered by layers-of carbonate rock-S;~o "one~-had previouslf"'1lttempted--a y8ysteniatic 
sampling and analysis . of ::tlie'materiaI~ :~ThiS"~-project -vehicle' WaS':us&f-iO-saffipie;=overninty 
naturally occurring or man~made ()Utcrops in t\\felve counties. In additi()n,14 holes were drilled 
in areas where channel sampling wolllil haveneen-very difficult. The'Safilple-Ctatawas correlated 
with the formations and;otlier datatcfpfoduciacregional repre8enffeition-ofth,ecarbonate rocks. 
The chemical data was~:roinpared~to,-kiiown product specifications toc;identify development 
possibilities: ~ '-~ _,,_ c" _,, --~ . . - -

The results have been used by companies, and quarry owneis~irisOutheast Minnesota to identify 
new prospects and new uses for materials from existing quarries. -One of the more intriguing 
prospects is the use of material from the Stewartville formation as flux for fluxed taconite pellet 
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prOdtiction. The material appears to have the correct cheID.istJy. However, transportation costs 
mayprecludeits adoption by the taconite industry. It is exj>ected that the data will become the 
founeiation for much additional work in the future. 

CLAYPRODUCTDEVELOPMENT. Although the clay deposits of the Minnesota River Valley have 
been known for aecades, only recently have they been studied intensively to identify high-quality 
deposits. Today, the kaolin clays of the Valley are used only in the production of cement and 
bricks. Research conducted by the University will assist industry by locating the best quality 
clay in the MinnesotaRiverValley and central Minnesota. 

~ ~ 

· Laboratory scale research toreduce particle size, and silica and iron contents have been successful 
and could now be pursued in larger scale tests. The resulting product is of a grade fine enough 
for coating paper, or any· of the hundreds of other uses for kaolin clay. 

Work at the University of Minnesota-Duluth, has helped narrow the parameters of exploration 
by determining the composition of parent rocks associated \Vith the best grade of primary clay 
deposits. It has also pointed toward extensive secondary deposits which might be even more 
valuable. 

-

DIMENSIONSTOJvreJNVENTORY. A reconnaissance-le.Yd dimerision stone inventory of crystalline 
rocks was conducted on government-owned and administratea lands in six northern Minnesota 
counties. Approximately 250 Middle Proterozoic (Keweenawan) and Archean outcroppings 
were evahmtedmth respect to joint spacing,· rolor,~texture; deleterious miiierals, and size of 
extractable blocks. · · · ·. · · ~- ~.... -

Basedon~iticfostrycriteria,fieldi!lvestlgati9ris'I4efitifl~deightprospectsat1dtwo1flactivequarries 
that have potential. for dimensfo='1 ~sfotie~devek>pment. These sites contain .rock~of a variety of 
color and texture, some of whicl}_i~Jem~ly differentJrom what is CU!J"~tly quarried O! 
available domestically. Three sites have beenleased and two of these will be_producing by the 
end of 1995. ·· ·· ·· ~"'~ · · 

- . 

KAOLIN IN CENTRAL MN. . The·
0

~0ccufiert~e ot kaolin ·in northern c and. centraf·ifinnesota is 
documented in drill holes aI1d o~t~r~p(- Ho~ev~r.,xery little of th!s materlalh~;t)eensampled 
for geochemistry, x.::ray diffraction pineralogy,c_cpart!cle size analysis, or firi~g ~haracteristics. 
While some kaolin clay·sampies\.Vere~colfected :1n: central and northern ~esota during the 
LCMR-sponsored clay study and the MCCstudy'on the geologic and geochemrcalcontrols oil 
the grade and distribution ofcl~y~, .m~y ne\Y occurrences of kaolin clays have been identified 
in more recent drilling ~nth~~n~~erµ pattof the state. Since the.wea~eril!gepisode that 
prOduced the kaolin clays. in the.s~uthem~ part of the state was a state-wide event, good grade 
kaolin and other clays.should alsri~eXisfin the northern regions of Minnesota. 

This project collected between thirty-cllid forty samples from drill core and outcrops not sampled 
in the previous programs. These samples were analyzed for whole rock geochemistry. Particle 
size analysis, firing ·tests, and x-ray mineralogy were also conducted for comparison with 
previously analyzed.samples from other areas of the state. A report of the findings was produced. 
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CABBONA TEBENEFICIA TION This is a continuation of the original carbonate assessment program. 
The objective was to select some of the better limestone/dolomite deposits and subject them to 
standard beneficiation tests which would include stage crushing, high density scrubbing, screen­
ing, and hydraulic classification. There is reason to expect that these treatment schemes will 
reduce the percentage of diluents, primarily silica and alumina associated with intercalated shale 
and mudstone l~yers. This will improve the chemical ,purity of the limestone/dolomite and 
expand its market potential. 

- ·- -

THE ECONOMTC IAIPACT OF TRANSPORTATION cosrs TN THE POTENTIAL UTILlZA VON OF KJ1TSON 

COUNTY BLOA11NG CLAYS AND THE MINNESOTA RIVER VALLEY KAOUNS There are projects 
underway currently which seek to determine the potential of: 1) using the bloating clays found 
in Kittson County for the production of lightweight concrete aggregate, a..11d 2) using the kaolin 
found in the Minnesota River Valley in the papermaking industry. As is the case With other 
industrial minerals, transportation costs Will comprise a significant portion of the delivered price 
of each of these commodities. This project provided insight into effects transportation costs may 
have on the development of these resources })y developin_g imormation on markets and market 
areas, and modes of transportation sucha8 rail, tp.tCI(and possibly barge. _ -

KJITSQN COUNTT BLOATING CLAYS. The clays found in Kittson County, :Minnesota are a part of 
the Pleistocene Sherack and Bre~C!_:f'()rmations of Glacial Lake Agassiz. The bloating charac­
teristics of the Kittson County'd~ys-W~r.~firsi!dentified durj.ng anl:CMR-funded clay project. 
Evaluation of the bloating characte!!_sti9s of these c1~ys~ basedupoti,small samples, is currently 
being completed. Clays'oftlii{!YP~-mayl!ave applicationin t1teproduction oflightweight coarse 
aggregate used in the concreteand.construction industry .. 

)'he Kittson County cfays"bJgC!t~a_Uemperatures lower than any of the other Minnesota bloating 
-cl~y~. ,TJ:!e]3reiina F()Jiliafi9n~~Jhys-bloat better and have fewer impurities than theSherack clays~ 
Both_ :clays· outer.op aiia ~sul)cerop "over a large area and within a few feet of the surface, making 
.them .r~dilY ai:~~sill!~: f9(<?_pen-pit mining. The actual mining thickness of the ·clays exceeds 
25 feefinmost· areai?~ c L~- ':~ ··EC'·~ · · ~ 

Currently, 111o~t µghtweight aggregate ( trad~ .11ame:. Arkalite) .used by the construction industty 
off in iMinnesci!a C(,µie8-up, the Mississippi Riy~ by barge from West Memphis, -~~-~cclt}s 

possible -that lightWeight aggregate produce<f from the deposits foundin Kittso1f C.QU1l!Y co1.lld 
be competitive With Arkalite provided that.:therawmaterial is suitable ·and_th~~ligl!tWeight. 
aggregate produced meets,· or exceeds, ~S1M sta.lldarc:los~ · - . . ·· ~ · . · 

-"=.-'o.-=---_,";_~:io-...i,':-"-'.'~'=:.:_--_.;,.="_ --

KAOUN CLAY RESOURCE ASSESSMENT.' Th(occinTellc(ofkaolin clays 'iif thtf~nnes0ta River 
Valley between Redwocxi.Falls andJairfaiJ~as~b~11studieaiil:otherMCGprojects.-"Ibis project 
continues the mapping {)f .. kaoliri~oerurret1Ct!s~Xr0ni· 'Redwood }!alls.· nort.hwestthrough the 
recently-opened Belview~mines; to Giariite-~a1ls,MN. Little geologic information is available 
on these clay deposits, their quality, or the controls 011 grades in the area. ~ . 

~~ - - _- ~-=---_ _::--_;-__ ,~---- --- --·-~ .-_:_ "---0--~ - :.-~::_-o--_-::--~-=--- _--· ··--=----::°:_ _ _= --~-=--·. --==--=- - -=-- - ....... 

- - - -

This pmject:Will concenfr~te'on mappini,·5am.p1mi·an.danalyms ofkaolin clays and associated 
bedrock. The sam.ples will be-analyzed forwholerockgeochemistty,particle size analysis, and 
x-ray mineralogy and compared to samples from previous studies throughout Minnesota. 
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Basic Research 

The purpose of this portion of the Minerals Diversification Program is to generate mineral 
research ideas by providing small amounts of money to faculty at degree-granting institutions in 
Minnesota. The money is then usedforpreliminary evaluations of promising geologic or mineral 
processing concepts. Projects funded in FY '90 - 91 included: 

* Image processing for gravity and magnetic data 

* Copper-nickel separation using reduced iron powders 

* Flotation of platinum-group minerals from Duiuth Complex minerals 

* Identification of diamond-bearing Kimberlites in Minnesota 

* Geology and petrogenesis of the Greenwood Lake area in Lake County 

* Optimal production scheduling for non-ferrous operations in Minnesota 

This research has had beneficial results. For example, the image processing work has lead to the 
production of several new maps based on existing data. The U.S. Bureau of Mines has become 
interested in work done on Duluth Complex minerals and has subsequently sponsored additional 
work in this area. Finally, the geologic work done in Lake County has substantially increased 
our knowledge of an area with high mineral potential. 
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